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COMPOSITIONS FOR ENHANCING IMMUNOSUPPRESSANTS^- . 
PHARMACEUTICAL ACTIVITIES 



This invention is related to human or animal medicine and more specifically to improving 
the therapeutic effects of common immunosuppressive, anti-inflammatory and/or 
antiparasitic drugs where the effective ingredients contain cyclosporins, FK506 or 
10 rapamycin. This invention provides new compositions for efficient ampHfication of the 
activities of the said components to decrease Uieir therapeutic dose to avoid their side 
effects- 



Cyclosporins are cyclic peptides composed of eleven amino acid residues which include 
previously unknown N-methylaied amino acid residues. Cyclosporins are commercially 
important products isolated from the culture broths of the fungal species Tolypocladiimi. 
Cyclosporins are applied to prolong survival of allogenic transplants involving skin, 

2 0 kidney, pancreas, bone marrow, small intestine and lung. The efficacy of cyclosporins is 
presently known to be due to the specific and reversible inhibition of immunocompetent 
cells, primarily T-helper cells. Unfortunately, cyclosporins' systemic use have been 
associated with a high incidence of renal toxicity (kidney failure), some cases of 
hepaiotoxicity, increased incidence of lymphoid tumors and increased incidence of 

2 5 opportunistic infections. The side effects of cyclosporins are so severe and so conunon 
that they limit their applications to life-threatening or severe sight-threatening diseases. 

Cyclosporins, like FK506 and other related molecules, bind specifically to certam 
physiologically important molecular species in tissues and blood circulation (Denesyuk A. 
30 ci aL, 1993, Biochem. Biophys. Res. Commun, 197, pp, 1438-1442; Denesyuk A, et aL, 
1993, Biochem. Biophys. Res. Commun. 194, pp. 280-286; Denesyuk A. et al„ 1993, 
Biochem. Biophys. Res, Commun, 192, pp. 912-917). After identification of cyclosporin 
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A, other cyclosporins, B, C. E, and G, containing minor differences in the molecubx 
stnicture of cyclosporins have been reponed. Many of these cyclosporins exhibit 
phanmaceutical udlity related to cyclosporin A and the literature involves abundantly 
examples and suggestions for their use as therapeutic agents. 

5 

Cyclosporins were first proposed for be used as an antifungal agents, but their 
immunosuppressive action was found to be of more impoitance. Cyclosporins specifically 
and reversibly inhibit immunocompetcnc cells, primarily T-hclper cells, by speciric 
interactions with peptidyl-prolyl cis-rrans isomerase (PPIase; see, Schreiber S, and 

10 Crabcree G., 1992, ImraunoL Today 13, pp. 136-142; 2::av'yalov V. et al., 1995, Acta 
PathoL Microbiol Immunol. Scand. 103. pp. 401-415). These multifunctional PPIase 
proteins may also serve as ATP-independent molecular chaperones facilitating tJie folding 
of target proteins and assembly of multisubunit protein complexes (Schnnid K et al., 
1993, Adv_ IVotein Chem; 46. pp. 25-65), but their primary function is the binding of the 

15 immunosuppressive drugs cyclosporin A, FK506 and rapamycin. The PPIases with such 
acdvity were termed immunophilins (ImP's). These protein receptors fall into two major 
groups for their structure: the cyclosporin binding proteins, also termed cyclophilins 
(CyPs), and the FK506 binding protems, temied FKBPs, some of the latter preferentially 
binding rapamycin (Trandini C. et al., 1992, FASEB J. 6, pp. 3410-3420; Liu J., 1993, 

2 0 Immunol. Today 14, pp, 290-295). It has been found that Ca^" and calmodulin-dependent 

protein phosphatase, calcineurin (CaN), binds with high affinity to biologically active 
ImP^drug complexes. The experimental data suggest that the cytoplasmic NF-AT protein 
(NF-ATc) is a substrate, either direct or indirect, via a phosphatase cascade for CaN. NF- 
AT IS a complex protein made of at least two subunits- One subunit of NF-AT (NF-ATp), 
25 a DNA-binding phosphoprotein, is a substrate for CaN in vitro and interacts with Fos ajid 
Jun proteins m the nucleus of acrivated T cells (Jain J. et aL, 1993, Nature 365, pp. 352- 
355). Dephosphorylaiion by CaN might directly induce nuclear translocation of NF-ATc. 
The active form of this protein interacts with functional sequences within the 0^-2 
enhancer. According to a hypothesis, the complexes cyclosporin A-CyP or FK506T-KBP- 

3 0 12 block nuclear translocation of NF-ATc and activation of IL-2 gene expression due to 

the inhibition of CaN activity. 
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Cyclosporins* immunosuppressive propenies have led to iheir wide routine usage in 
immune system -related diseases, as described, for example, in Finnish patent publication 
900604. Correspondingly, the number of patents for these purposes on various aspects of 
cyclosporins is large. In addition, eye medicine has benefited from cyclosporins. The U.S. 
Patent No. 4, 649, 047 describes a method for the treatment of phacoanaphylaciic 
cndophthalnnitis and uveitis in the anterior or posterior segment^ of an eye wherein 
cyclosporin is topically administered to the eye. In other ophthalmic applications, 
cyclosporin has been used topically only for the treatment of external (e.g., corneal) eye 
diseases, BenEzra et al., 1986. Amer. J. Ophthimol. lOl, pp. 278-282 described the effect 
of 2% cyclosporin eyedrops on severe vernal keratoconjuctivitis which is a seasonal 
allergic disorder unrelated to tear deficiency. Hunter et aL, 1981, Clin. Exp. Immunol. 45, 
pp. 173-177 described the topical administration of cyclosporin in a rabbit model of 
corneal graft rejecdon with positive results. Boisjoly et al., 1984, Arch, Ophthalmol. 
102, pp. 1804-1807 rep^prted that topical application of cyclosporin had a beneficial 
prophylactic effect towards the treatment of severe heipetic stromal keratitis. Mosteller et 
al., 1984, Investigative OphthaJmoL Supp. 25, pp. 3-38 treated corneal allograft rejection 
in rabbits by applying a single dose of a 10% cyclosporin A oinment in the lower culde- 
sac of the eyelids. Cyclosporins have also been used systemicaJly in other ophthalmic 
applications, where the disease being treated is not limited to the eye surface. For 
example, Nussenblati er aL, 1983, Amer. J. Ophthalmol. 96, pp. 275-282 reported clinical 
improvement in some patients with noninfectious posterior uveitis following systemic 
treatment with cyclosporin. 

Cyclosporins arc pnmarily administered orally or by injection. Unformnately, 
cyclosporins used sysiemically have been associated with a high incidence of renal 
toxicity Ocidney failure), some cases of hepatotoxicicy, increased incidence of lymphoid 
tumors and increased incidence of opportunistic infections. Cyclosporin are only slighdy 
less toxic than other immunosuppressive agents such as Cytoxan or aziothioprinc. The 
systemic side effects of cyclosporins are so severe and so common that they limit 
cyclosporins use to life-threatening or in some cases severe sighi-threaiening diseases. 
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As described in U,S. Patent No. 4* 117, 118 1978 { Ham et al.). cyclosporin is readily 
soluble in most of the usual organic solvtnLS and practically insoluble in petrolcam ether 
and water. Poor solubility of cyclosporins makes absorption in intcsdne with oral 
administration as well as actions in intravenous applications variable from patient to 

5 patient. If rather high and constant level of cyclosporins arc required in the blood 
circulation, administxarion of cyclosporins is complex. As distributed by Sandoz Ltd. 
under the tradename Sandimmune, cyclosporin for oral adtintiistration is dissolved in olive 
oil for funher dilution with food and in polyoxyethylated castor oil and ethanol for 
inu^avenous injection. The release of cyclosporins from the carrier substances is pauent- 

0 dependent where either the dose is not therapeutically effective or it is toxic. As stated, 
prolonged systemic adnninistration of cyclosporins associated with transplantation and 
related uses creates risks for other diseases including cancers. To be able to use 
considerably lower than toxic level of effective cyclosporin doses is therefore of key 
importance. i 

5 

Recently, th^tteniion was brought to the long- neglected role of type I interferons (IFN- 
a,b.w,t) in theXmoduiacion of immune response (Belardelli F. and Gresser I., 1996, 
Immunol. Today nL pp. 369-372). Theimmunomodulating activity of IFN-a,b,w,t is very 
complex and inc^udes^v 
20 

-inhibition of lymphocyte proliferation after stimulation with lectins or allogenic cells; 
-prolongation of skin grafts; 
-inhibition of delayed type of hypersensitivity; 
-differentiation towards a Thl type of immune response; 
25 -stimulation in vivo of long-lived antigen-specific memory CD8+ cell cytotoxicity; 
-inhibition of suppressor T cells; 
-enhancement of natural killer (NK) cell cytotoxicity; 

-enhancement of major histocompatibiluy cotnplex (MHC) class I antigens expression. 

30 X FiT^t three irtimunofnodulatinV properiies of type I IFNs (inhibinon of lymphocyte 
proliferation after stimulation witl^ectins or allogenic cells, prolongation of skin grafts, 
and inhibition of delayed type ofNwpersensirivity) are useful for amplification of 
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immunosuppres^nts' (cyclosporins, FK506 and rapamycin) activity. Bui other 
immunornodulating. properties of type I IFNs (differentiation towards a Thl type of 
immune response; smnulation in vivo of long-lived andgen-specific meniory CDS* cell 
cytotoxicity; inhibitiortv of suppressor T cells; enhancement of NK cell cytotoxicity; 
5 enhancement of MHC cIass I antigens expression) can induce an opposite effect. Indeed, 
it was observed that a motWlonal antibody directed against the .extracellular domain of 
the human (h)IFN-a receptorNwhich inhibits both the binding and biological activity of all 
the type I IFNs tested, exerted a dose-dependent inhibition of the mixed lymphocyte 
reaction and induced permane^nt survival of skin allografts in M.HC-divergcnt 
10 Cynomologus monkeys treated witK a subeffective dose of cyclosporin A ( Tovcy, M.G. 
et al. 1996, J. Leukocyte Biol. 59. pp\512^517). 

In the present inv^tion we suprisingly observed that the physiological effects of 
immunosuppressants fcyolosporins, FK506 and rapamycin) can be dran^atically increased 
15 by the simultaneous administration of any one of the immunosuppressants and the peptide 
correspx^nding to the high-affinity binding/anti-Jyojipbppi^^^^ or the 

recombinant protein having the ainino acid sequence corresponding to the said site. 
Peptides are sjjecially favourable additives since ihey do not cause haimfui symptoms and 
ihe acitivity quenching due tip the generation of antibodies against larger polypeptides 
20 such as natural interferons. 



25 



^ "^^ ^^ Long time ago there wa^iscovered the primary structure homology of hlFNs-a/b and 
thymus hormone - ihymosirKaj (TMai) (Zavyalov V. and Denesyuk A , 1984, Doklady 
Akademii Nauk SSSR 275, to- 242-246). Comparison of the primary structures of 
proTMa and hlFNs-a/b reveals a\homology of the prohormone with the IFNs' sites 
making up the C-tenninal helices D atKl E, however, the highest homology is observed 
for the C-terminal parr of helix D and the\^-terminal part of loop DE (Zav'yalov V. ei aL, 
1989, Immun, Lett. 22, pp. 173-182; Zav'y^v V, ei al., 1990, Biochim. Biophys. Acta 
1041, pp.178-185). One of the synthesized peptides (a-peptoferon) overlapping the 
TMai-like sequence of hIFN-a2, effectively coinp^i^ with hIFN-a2, TMai, proTMa for 
comtrion receptors on mouse thymocytes (i,e, the KjOf recombinant (r)hIFN-a2 binding 
by a-peptoferon is equal to about lO '^ M) (Zav'yalov \. et a!., 199), FEBS Lea. 278, 



30 
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pp. 187-189; ;^V3Jiov V, et al.,.l995. Molec. Ininiun. 32, pp. 425-431). Rcc'enUy the 
first example of successful grafting of hIFN-a2's TMai-like site to the design de novo 
protein albeferon was\described (Dolgikh D. et aL, 1996, Protein Engin. 9, pp. 195-201). 
The IFN-a2 fragment corresponded to the TMa,-like sequence 130-137 was insened into 
5 the N-termini of an albeb^in molecule just after the initiatory Met residue. The chimeric 
protein (albeferon) was expYvcssed in a wheat germ cell-free translation system and tested 
for its compactness and stability. It has been showti that albeferon is practically as 
compact as natural proteins of corresponding molecular weight and possesses high 
stability toward the urea-induced tmfolding- To testify the affinity of albeferon to murine 

10 thymocyte receptor, the protein inhibitory effect on the binding of radiolabeled [^^^I] a- 
peptoferon to the receptors has bekn studied. The albeferon competitive inhibition 
coefficient (IC50) and the calculated inhibition constant (K;) are very close to that of 
rhrFN-a2. It was denrjonstrated that cellXsurface binding characteristics correlate with 
consensus type I JFN enhanced anti-lymphV>roliferative activity on the human periferal 

15 polymorphonuclear cells (Klein S. et aL, 1996^J, Interferon and Cytokine Res. 16, pp. I- 
6; Dhib-Jalbut S. et al., 1996, J. Interferon and CWokine Res. 16, pp. 195-200). 

XThe present \nvention includes the compositions for efficient amplification of 
immunosuppressive activity of cyclosporins, FK506 or rapamycin by peptides 
2 0 coiTCSponding touhe high-affinity binding/anti-lymphoproliferarive site of IFNs-a,b,w,i or 
recombinant protons having the amino acid sequences corresponding 10 the said site to 
decrease therapeutic dose of the both groups of compounds, and as the consequence to 
avoid their undesir^le side effects during organ and tissue transplantation, and treatmeni 
of different diseases.! 

25 



SUMMARY OF THE INVENTION 



30 



The present invenrion provides the compositions for efficient amplification of 
immunosuppressive acrivity of cyclosporins, FK506 or rapamycin to decrease 
therapeutical dose of immunosuppressants, and as the consequence to avoid their 
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undesirable side effects during organ and tissue transplaniarion, and treatnDeni of different 
disezises. 

esc compositions include cy^k^porins. FK506 or rapamycin and biologically active 
peptides corresponding lo Oie high-affinity binding/anti-lyniphoproliferarivc site of IFNs- 
a,b,w,t, or recombinapTproteins having the amino acid sequences corresponding lo the 
said site. 



,^ 10 



BRIEF DESCRIPTION OF THE DRAWINGS 



2\FIG. 1 Effect of rhIFN-a2 and ^/ff the peptide corresponding to the high-affinity 




binding/anu-lymphoproliferativp^ite of hIFN-a2 (a-peptoferon) on mitogen (PHA)-dnven 
proliferation of human perioHeral polymorphonuclear cells. 

FIG. 2 Effect of ThIFN"a2 znd^ol the peptide coircsponding to the high-affiniiy 
binding/anii-lyniphoproUfeT^^ix^site of hIFN-a2 (a-peptoferon) on the proliferauon of an 
tFN'Sensitive human T-Jyniphoblastoid cell line MT-4. 

FIG. 3 Effect of rhIFN-a2, alb^fm>n and albeberin on mitogen (PHA) <lriven proliferaaon 
of human peripheral polw<^honuclear cells. 

FIG. 4 Effect of rhlFN-a2,,..Mteferon and albebetin on the proliferation of an IFN- 
sensitive human T-lympKoblastoid cell line MT-4. 

^^Q^^^fV^FlG. 5 Effect of rhlFN-a^Xnd of the peptide coxrespotiding to the high-affinity 
binding/anu-lymphopro|>fmtive site of hIFN-a2 (a-pepioferon) on n^togen (PHA)-driven 
proliferation of hujrian peripheral polymorphonuclear cells in the presence of 20 nM 
cyclosporin A^^j^culturai medium, 




30 FIG. 6 Effect of albeferon on mitogen (PHA)-driven proliferation of human peripherial 
polymorphonuclear cells in the presence of 10 mM cyclosporin A in cultural medium. 
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DETAILED DESCRIPTION OF THE INVENTION 



Cyclosporins, FK506 and rapamycin are widely used commercially important dnjgs for 
treatment of various diseases of human and higher animals. However, the use of these 
drugs have severe drawbacks for their toxicity and narrow effecdve dose range. This 
forms the basis of either developing other more effective and less toxic related drugs or 
increasing their activity by other ingredients. The latter has been attempted only by 
making drug formulations which provide either more effective absorption in intestine or 
prolonged delivery in intestine or in intravenous administration. 

\^In this invention, there v^S surprisingly observed that certain favourable physiological 
effects of cyclosporins. FK506 and rapamycin on human cells can be amplified by 
biolo^cally active peptidk corresponding to the high-affinity binding/anti- 
lymphoproliferBUve site of IFNs-a,b.w,i or recombinant proteins having the amino acid 
15 sequences corresponding to the said site. The peptides and recombinant proteins 
mentioned above can be readilyWoduced by widely available synthetic or recombinant 
techniques. The present inventiol provides definite improvement of compositions for 
drugs based on cyclosporins. FK506 or rapamycin aimed for human and higher animals. 
. These compositions include the iVimunomodulators and biologically active peptides 
20 corresponding to the high-affinity Vinding/anu-proUferative site of IFNs-a.b.w.t. or 
recombinant proteins having the ami\o acid sequences corresponding to the said site. 
Although all the potentially bioactive ptotides or the recombinant proteins containing die 
amino acid sequences of the peptides wWe not possible to test expenmentally here with 
the immunomodulator drugs (cyclosporinV FK506 and rapamycin) such structures were 
2 5 revealed by extensive compansons of available amino acid sequences of interferons from 
different species by computer and molecular Viodelling techniques taking into account the 
experimental data on the localisation of the hkh-affinity binding/ann-lyraphoproliferarive 
site of DFNs-a.b.w.t and the experimental data dn the competition of type 1 IFNs for the 
common receptors. The peptides according to tl^s invention have the advantage of not 
30 give rise to antibodies like large polypeptides andVaiural interferons and thus pepetides 
as such or bound to carrier molecules can be used foVlong periods. 
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the previous studies (Zav'yalov V/et al., 1991y/FEBS Lett. 278. pp. 187^189; 
Zav'yalov V. ci aL, 1995, Molec. Immun. 32, pp. 4^>4^1) it was demonstrated thai only 
octapeptide correspondiag lo the 130-137 axruRO acid residues of hDFN-a2 had the same 
or higher affinity to the specific receptors irlcouiparison with recombinant hIFN-'a2. It is 
5 well-known that all type I BFNs comn^e.for the common receptors and can induce the 
common type I EFN activities. Thej^ore, it is reasonable to assume that in the process of 
natural selection the changes hyuit amino add sequence of the high-affinity binding/anti- 
lymphoproliferative site o^^Ns-a,b,w,t were selected not to abolish the biological 
activities of the site. Cwsequently, all type 1 natural and recombinant IFNs as well as 
10 peptides corresponidlng to their high-affinity binding/anti-lymphoproliferaiive site, atid 
recombinant prdteins having the amino acid sequences corresponding to the said site 
might reproduce the anti-proliferative acrivity and amplify immunosuppressive activity of 
cyclosp^nns. 

For the testing of synergism of cyclosporin. FK506X)r rapamycin and peptides 
15 corresponding to the high-affinity binding/anii-lymphopr^iferative site of IFNs-a,bAv.t or 
recombinant proteins having the annino acid sequence/ corresponding to the said site we 
employed the classic anti-lymphoproliferative te^st system with human peripheral 
polymorphonuclear ceils and human T-lymphob^stoid cell line MT-4. The cell culture 
conditions and the conditions of the humoral c^ls in blood circulanon are closely related. 
20 In fact, in cell cultures, which are comjmoi^y used for testing of potential drugs, the 
conditions are strictly maintained siRiilar to the blood cu-culation as to the temperature. 
pH, buffer, mdnerals, CO2 and O2 partial pressures and so on. On the other hand, in this 
special case the target cells of cyckSsporins or the other immunosuppressants and the 
peptides corresponding to the hig)?f-affinity binding/anti-lymphoproliferative site of IFNs- 
2 5 a,b,xvj or recombinant protein/ havmg the amino acid sequences corresponding to the 
said site being used as die d^gs exist specifically in the blood circulation in very equal 
conditions to the cell cultmfes. Thus, it is highly predictable that the drug compositions of 
the present invention c/n be used as medical drugs for puiposes previously used for 
immunosuppressants /lone as the active ingredient in the drug formulations. 




Wliile the main experimental proof of tht present invention lies on the use of peptides 
corresponding to the high-affinity bindifng/aiui^ymphoproliferative site of rFNs-a.b,w,t or 
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recombinant proteins having the amino add sequences (^rresponding to the said siic wich 
cyclosporins, also FK506 and rapamycin can be ap^ied with related amplification effect 
as with cyclosporins. Although the present icTvencion describes effects of peptides 
corresponding to the high-affinity binding/antiTlymphoproliferative site of IFNs-a,b,w,t or 
5 recombinant proteins having the amino aci4 sequences corresponding to the said site on 
immunosuppressants such as cyclosporins, FK506 and rapamycin, itjs evident that the 
peptides corresponding to the high-affinity binding/anti-lymphoproUfanative site of IFNs- 
a,b,v/,t or recombinant proteins having the amino acid sequences corresponding to the 
said site will increase equally well the activities of any other immunosuppressant. 



Example 1. 

Ninety five mi of blood were taken from each of 10 volunteer donors, and 5 ml of 3-5% 

15 EDTA were added to the blood immediately and mixed carefully to prevent coagulation. 
The blood was than mixed with the equal volume of medium 199 or with buffered 
physiological salt solution, Ficoll-Paque (Pharmacia) was poured into plastic centrifuge 
test-tubes with caps (Costar) (3 ml of Ficoll-Paque per each tesi-tube, volume of a test- 
tube - 15 ml, diameter - 13 mm at room temperature, and then 6-7 ml of diluted blood 

2 0 were carefully layered on top). The test-tubes were centrifuged at 20 ''C for 40 minutes, 
at 400 g* with the brake of centrifuge being switched off. The mononuclear cells formed a 
layer on the border of the liquid division and the cells were collected with a Pasteur 
pipette into a centrifuge test-tube with 5 ml of RPMI 1640, containing 2% of inactivated 
fetal serum and penicillin (100 units/ml) with streptomycin (100 units/ml). Then the cells 

25 were washed with physiological buffer solution (PBS) three times with centrifuging at 
400 g for 5 minutes at the temperature of +8 °C. When the concentration of the cells was 
2.5'I0^ cells/ml, they were placed in RPMI 1640 medium, containing 5% of fetal scrum 
(heated for 30 minutes at 56 *^C), 100 units/ml of penicillin, 100 units/ml of streptomycin, 
1 xnl 200 mM of L-glutamine per 100 nnl of serum. All the reagents were produced by 

30 Gibco. The cells were dropped into a 96-wcll plate (100 ml per each plate) with mitogen - 
phytohemagglutinin (PHA) (final concentration - 2 mg/ml), the preparations under study 
and immunosuppressants (cyclosporin A, FK506 or rapamycin) in concentration - 5-20 
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„M) ^.r. pipeuea *«o a.e .„^s bef^^anO. p,a. «a. ..ace. . a CO,— 
L CO. 1 hu^a aunosph.^ fo, 72 Hours. .2.,S hour. befo. .he co.p.eno of .he 
ILon . ™a Of m-thy^idine wa. a..e. i«o each weU, .he ceU .e. 

: he. o„ a sc^iau-o™.. ha.es.e, Cr...ec Bow us.s HUers (Whau.a ■ Hac 
nue. «as «.fuuy .a.fe«e. in.o We., con.in., 5 „. of sc-,„.,a.on .K,u,a « 
^e n„n,he. of <.si„.e^a.o„. per r^.^ was coun.e. u.„. a Mj^i^a co„h.er CL^ 
Z s.— index »as <ie.e.^i.e. hy ari*^hca> nrcah of a. .eas. O-rec paraUO 
measurement ±SD lo the eoncsponding cornrol. 

Fig , displays. respeciveW. the effec. of/lFN-a^ and of .he pep.ide correspondine .o 
rhe' hish-affin,.v hindlns,an..-Wmpho/ifera.We she of h>PN.a2 (-P=P'°f-> - 
mitogen <PHA)-dHvcn proi,ferado/f human per,phen,. polymorphonuclear ceils. PHA 
induced s,rons lymphopro.ifer/e response .ha. was inhlhUed hy rhIPN-a2 and . 
peprofcron .„ a dosc-d.pc/n. fashion. .t,.FN.a2 and a-pep.oferon d.m„ns«,^ 
comparable effecrs. rhIPN/had c,.her no effec. or a mmimal enhancing effec. on rh 
l^phoproUfera^ve ..IZse. (» rh,PN-a.. (2, a-pcp.oferon. <3> con.oU PHA; C) 
control: cultural medyUm. 



L^pH Shots .he effec. of rH,PN-.2 and oTrhe pepdde corres^nd.ng .o ,he h.gh-ar«ni.y 
^"h:din^a„.i->ymphoprol.rerad.e S..e7;.-a2 (a-pep,oferon, on .he proUferaoono an 

. , -A w ury^ MT 4 The pro iferauon of human i 
IFN-sensi.ive human T-lynnpho^.o.d cell hne MT 4. Th p ,„ , .ose- 

,ymphohlas.o,d cell hue M^Cas inh.h..ed by rhfFN-ai and a-peproferon . a o^^ 
IpLen. fashion. rhlP^nd a-pep.ofcron demo„s,ra,ed comparable cffec.s. Sirralar 
.5 merhodsasinExamZ were employed. (1, rhIFN-a2; <2) a-pcp.oferon. 




Example 3. / ^ ^^^^ ^„,.i„ albeferon 

F,g. 3 displays .he effec. of rhIFN ^ ^ 

-"-'-'^.'=™r'r::::; MX eV,. ... .he d^sned ^ n.. pro.e,n 
pro,ei„ ,us, af.e '"-^ (3, on PHA-dr^ven proliferadon of human 
.hche-in wlrhou, '^J^^^X^^^ lymphoproUfera.ve response 

peripheral polymorphonuciear^ns. 
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that was inhibited by rhIFN-a2 and albeferon in a dose-dependent fashion, rhrFN'a2 and 
albeferon demonstrated comparable effects. Albebecin had no effect on the 
lymphoproliferative response. The results show that the hIFN-a2 fragment corresponded 
to the TMai-like sequence 130-137 is responsible for the anti-lymphoproliferative effect 
of rhIFN-a2, Similar methods as in Example 1 were employed. (1) rliIFN-a2; (2) 
albeferon; (3) albebetin; (4) control: cultural medium; (5) control: PH>^ 

Example 4* 

Fig. 4 demonstrates the effect of rhIFN-a2/&beferon and albebeiin on the proliferation of 
an IFN-sensitive human T-lymphobla5^d cell line MT-4. The proliferation of human T- 
lymphoblastoid cell line MT-4 was inhibited by rhIFN-a2 and albeferon in a dose- 
dependent fashion. In this exp^meni albeferon had higher activity than the sample of 
rhIFN-a2 used but compar^e with other data on rhIFN-a2 (sec Figs, 1-2 and the data 
described in: Dhib-JamtfrS. et al., 1996, J. Interferon and Cytokine Res. 16, pp. 195- 
200). Albeberin hadno effect on the lymphoproliferative response. The results show that 
the hlFN a2 ft^gment corresponded to the TMai-like sequence 130-137 is responsible for 
the anti-lyriiphoproUferarive effect of rhIFN-a2. (1) rhIFN-a2, (2) albeferon; (3) albebetin. 

Examples. 

Fis- 5 displays the effect of rhIFN-a2 on PHAAlriven proliferation of human peripheral 
polymorphonuclear cells in the presence oy^20 mM cyclosporin A (CsA) in cultural 
medium. PHA induced strong lymphoproliterdtive response. The selected concentration 
of CsA had enhancing effect on the lyniphoprolifcrative response. The administration of 
extremely low amount of rhIFN-a2/(10''^ M) totally abolished lymphoproliferative 
response induced by PHA. The comparable effect on miiogcn-driven proliferation of 
peripheral blood human T^lympho^tes in the presence of 20 mM CsA in cultural medium 
was observed for the octapetrtide corresponding to the high-affmity bmding/anii- 
lymphoproliferative site of hTFN-a2 (a-peptoferon). The results demonstrate strong 
synergism of anti-lymphopr<6liferative action of CsA and rhIFN-a2 or the peptide 
corresponding to the highT^ffinity binding/anii-lymphoproliferarive sue of hIFN-a2 (a- 
pepioferon). Related resists were obtained with 1-50 mM concentration of FK506 or 
rapamycin instead of cyfclosporin A. Similar methods as in Example 1 were employed. (1 ) 
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rhlFN-al and 20 mM CsA; (2) .a-^epcoferon and 20 mM CsA; (3) control: cultural 
medium; (4) control: 20 mM CsAaS) control: PHA; (6) control: 20 mM CsA and PHA, 

Example 6, 

Fig. 6 displays the effect of albeferon on PHA^ven prolifcrarion of human peripheral 
polymorphonuclear cells in the presence of m mM cyclosporin A (CsA) in cultural 
medium. PHA induced strong lymphoprolifjmtive response. The selected concentration 
of CsA had enhancing effect on the lym^oproliferative response. The administration of 
extremely low amount of albeferon/(lO''^ M) totally abolished lymphoproliferative 
response induced by PHA. Related results were obtained with 1-50 mM concentration of 
FK506 or rapamycin instead of i^^closporin A. Fig. 6 also shows that the octapeptide 
corresponding to the high-afft/iiy binding/anti-lymphoprohfcrative site of hn-N-a2 (a- 
peptoferon) which was gcnetifcally immobihzed on the macrotr^olecular carrier (i.e_ on the 
de novo proiein albebetinVis biologically active. Similar methods as in Example 1 were 
employed. (1) albeferoiT/(2) albeferon and 10 mM CsA; (3) control: cultural medium; (4) 
control: PHA; (5) coy&xo\\ PHA and 10 mM CsA. 
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